1. Introduction {#s0005}
===============

Lung cancer is one of the deadliest forms of cancer. It is associated with high death rate accounting alone for 1/5th of total cancer mortality worldwide ([@b0025]). It has a very poor survival rate and prognosis, as more than half of the diagnosed patients die within one year of diagnosis. Lung cancer is subdivided into two types; Small cell lung carcinoma (SLCC) and Non-small cell lung cancer (NSCLC). NSCLC is the most common kind of lung cancer which is associated with an increase in production of epithelial lung cells and accounts approximately for 85--90% of all lung cancer cases ([@b0235]).

The most widely recognized subtypes of NSCLC are pulmonary adeno-carcinoma, squamous cell carcinoma (SCC) and large cell carcinoma (LCC) ([@b0285]). Glandular cancer (pneumonic glandular cancer) or adeno-carcinoma is a typical microscopical type in which there are alterations in tissue cell and sub-atomic structures and components, together with organ and channel development as well as the creation of noteworthy measures of bodily fluid ([@b0260]). It comprises of around 40% of all lung cancers and is diagnosed in both genders whether smokers or non-smokers. Malignant cells in lung adeno-carcinoma grow and spread at a much slower rate than the other lung cancers and have better chances of detection in screening ([@b0315]).

Squamous cell lung tumours, as a rule, happen in one of the left or right bronchus and smoking is considered as the main risk factor for this type. The tumour's area oversees manifestations, for example, difficulty in breathing, chest torment, and blood in the sputum ([@b0260]). Around 25--30% of lung cancer cases are diagnosed as SCC ([@b0315]).

Large cell carcinoma (LCC) is a heterogeneous gathering of undifferentiated threatening neoplasms that do not have the cytologic and compositional elements of small cell carcinoma, glandular or squamous separation. LCC begins from central epithelial cells of the lung and spread to distant organs. A number of studies have shown a strong association between LCC and smoking which accounts for approximately 5--10% of all lung cancers ([@b0315]).

Anaplastic lymphoma kinase (ALK), also known as CD246, is a part of super family of insulin receptors which plays an important role in normal development and oncogenesis ([@b0280]). It is a transmembrane tyrosine receptor kinase that can cause cancer -- either by forming a combined gene NPM-ALK or by increasing the replication or duplication of the real DNA code. The 60% of anaplastic large cell lymphomas (ALCL) is the result of alteration in 2nd and 5th chromosome. This alteration makes a combination gene NPM-ALK, which comprises half of the portion of ALK (3′ half end) and half of the NPM, a potential oncogene ([@b0195]). This fused or combination of gene is responsible for about 75% of the cases of ALCL ([@b0030]). In addition to NPM-ALK oncogene, several reports have also identified echinoderm microtubule-associated protein-like 4 (EML4)--ALK fusion protein in 2--7% of lung cancer patients suffering from NSCLC adeno-carcinomas ([@b0290]). Therefore, ALK rearrangements or fusions seem to be viable therapeutic target in NSCLC. The search for simple molecules capable of inhibiting a highly attractive target ALK intensified since 2007 to develop potent anticancer agents ([@b0115]). Many first generations and multiple second generation ALK inhibitors were developed and approved for NSCLC therapy. However, treatment of patients with ALK-rearranged NSCLC with crizotinib ([Fig. 1](#f0005){ref-type="fig"}), a first-generation oral inhibitor of tyrosine kinases ALK, failed mainly because of; (i) acquired resistance to ALK inhibition mainly by target modification and 'by pass' signaling within one to two years of treatment ([@b0135]) and (ii) due to severe toxicity caused by its ability to enter into the CNS ([@b0035]). Some of the second generation ALK inhibitors such as ceritinib ([Fig. 2](#f0010){ref-type="fig"}), alectinib showed better therapeutic efficacy than crizotinib in clinical trials but subsequently these developed resistance in clinical setting ([@b0055], [@b0250]).Fig. 1Chemical structure of crizotinib, a 1st generation ALK inhibitor.Fig. 2Chemical structure of ceritinib, a 2nd generation ALK inhibitor.

ARIAD Pharmaceuticals eventually succeeded in developing a new drug entity, a second generation ALK inhibitor, to combat the lung cancer which is named as brigatinib. It causes an effective dual inhibition of CD246 (ALK) and a trans-membrane protein EGFR or HER-1 (Human epidermal growth factor receptor) in humans ([@b0110]). The inhibition of EGFR or HER-1 and ALK is mandatory to treat the cancer in lungs of a patient. Brigatinib was considered as an orphan drug in 2016 by the U.S. Food and Drug Administration for the treatment of NSCLC ([@b0090]). It can be administered in a combination with anti-EGFR monoclonal antibody such as cetuximab or panitumumab and helps to overcome resistance to osimertinib ([@b0265]). On 28th of April 2017, the U.S. FDA allowed quickened endorsement to brigatinib (Alunbrig tablets, Takeda Pharmaceutical Company Limited, through its completely claimed backup ARIAD Pharmaceuticals, Inc.) in order to treat the patients that are suffering from lung cancer caused due to alterations in the ALK and EGFR arrangement and the patients that are already resistant to other inhibitors ([@b0100]), brigatinib is administered in the dose of 90 mg tablets (OD) orally during initial week; if endured, dose can be increased to 180 mg (OD)orally ([@b0085]) ([Table 1](#t0005){ref-type="table"}).Table 1The type of mutant variants of ALK and EGFR associated with lung cancer. It was reported that these variants are involved in resistance to common inhibitors but sensitive to Brigatinib.(A) ALK mutant variants(B) EGFR mutant variants→ L1152R\
→ C1156Y\
→ V1180L\
→ L1196M\
→ G1202R\
→ R1275Q→ T790M\
→ C797S\
→ L858R

Brigatinib is represented by IUPAC name 5-chloro-4-N-(2-dimethylphosphorylphenyl)-2-N-(2-methoxy-4-(4-(4-methylpiperazin-1-yl) piperidin-1-yl\] phenyl\] pyrimidine-2,4-diamine. Brigatinib ([Fig. 3](#f0015){ref-type="fig"}) is considered as a wonder drug because it is active against the cases in which all the other ALK inhibitors such as osimertinib, loratinib ([Fig. 4](#f0020){ref-type="fig"}), etc. are ineffective. Specifically, the mutation in the arrangement of ALK space represents most of the cases that are resistant to the other ALK inhibitors ([@b0080]). Investigation of all the preclinical data showed viability and greater activity of brigatinib against the various types of agent that cause G1202R and L1196M mutations in ALK when compared with other established inhibitors ([@b0320]).Fig. 3Chemical structure of brigatinib.Fig. 4Chemical structure of loratinib, a 3rdgeneration ALK Inhibitor.

2. Approval and development history of brigatinib {#s0010}
=================================================

Mutations in EGFR and ALK genetic arrangements are the leading cause of death in lung cancer patients. Currently it is the drug of choice for providing treatment to patients that are resistant to other ALK inhibitors ([@b0030]). The general information about brigatinib and its development history are summarized in [Table 2](#t0010){ref-type="table"}, [Table 3](#t0015){ref-type="table"}, respectively.Table 2General information about brigatinib.S. No.CategoryGeneral information1.FDA ApprovalIt is first approved by FDA on 28 April 20172.Brand nameAlunbrig3.Active drug nameBrigatinib4.Dosage and intake patternIt is administered orally in the form of Tablets (90 mg OD)5.Manufacturing companyThis drug is manufactured by a Takeda Pharmaceuticals, USA., Inc6.IndicationIt is used to combat the cancer present in the non-small cells of lung (NSCLC)Table 3Developmental history of brigatinib.S. No.Update on Brigatinib from 2015 to 20171.On 17th April 2015, ARIAD pharmaceuticals showed updated information on the ongoing clinical trials of brigatinib in patients that were suffering from NSCLC caused due to ALK genetic rearrangements2.In April 2016, phase ½ trial was completed and company updated the latest information about this trial3.After completion of clinical trial studies, the ARIAD pharmaceuticals filed a New Drug Application for brigatinib in U.S. and FDA on 17th June 20164.On 30th August 2016, completion of submission of New Drug Application in U.S. and Food and Drug Administration5.On 31st October 2016, the manufacturer announced that FDA accepted the new drug application file6.On April 28th 2017 TAKEDA announced that FDA has approved the brigatinib for market usage

3. Safety profile of brigatinib {#s0015}
===============================

Brigatinib has proven to be successful in the management of various intracranial metastatic diseases. In phase ½ trial, it was noticed that it is effective in most of the subjects with quantifiable cerebral illness and some of the subjects with non-quantifiable pattern cerebral sickness ([@b0070]). To check the effectiveness of brigatinib in patients with lung cancer in non-small cells, the toxic effect of brigatinib must have to be considered. The safety profile of brigatinib is based on the study done on the 79 patients suffering from lung cancer. Severe pulmonary adverse reactions consistent with interstitial lung disease or pneumonitis have occurred with 90 mg brigatinib therapy in 3.7% of patients and 9.1% of patients in the 90 → 180 mg group. These events mainly occur within the seven days of initiation of treatment. In comparison to other inhibitors such as crizotinib, the percentage of adverse effects were reduced such as 61% of looseness of bowels gets reduced to 13% with brigatinib and other adverse effects such as spewing, accumulation of fluid, blockage also decreased ([@b0245]).

4. Preclinical data of brigatinib {#s0020}
=================================

4.1. Drug discovery and chemical features of brigatinib {#s0025}
-------------------------------------------------------

The synthesis of molecule that inhibits the ALK is difficult due to its high resemblance to the structure of various proteins that are member of group of receptors of insulin. Later on, results of various studies indicated that there are molecules that can suppress the ALK without compromising the selectivity over the insulin growth factor-1 receptor ([@b0230]). These studies resulted in discovery of brigatinib which can inactivate the ALK and insulin growth factor-1 receptor. The minimal inhibitory concentration (MIC) value of brigatinib was found to be 0.6 nmol/L individually. To test the activity in animals, brigatinib was administered orally to mice suffering from lung cancer and it showed the complete antitumor effect in the dose of 50--100 mg/kg. This dose also proved successful to combat the lung cancer in rats without compromising the selectivity over ALK ([@b0230]).

The structure of brigatinib ([Fig. 3](#f0015){ref-type="fig"}) differs from crizotinib ([Fig. 1](#f0005){ref-type="fig"}) as it contains a bis-anilino-pyrimidine moiety in place of amino-pyridine framework in comparison to crizotinib. This gives a U-shaped platform to the brigatinib so that it can bind to the ATP attachment site of ALK. The structure of brigatinib contains two NH~2~ groups attached to a phenyl ring which is further attached to carbon 2 and 4. The presence of ---OCH~3~ group and the chlorine atom on carbon number 5 also help in communicating with the ALK ([@b0105], [@b0110]). Another unique structural feature of brigatinib is that it contains dimethyl phosphine oxide (DMPO) moiety which is attached to the ---NH~2~ group of phenyl ring present at carbon-4. The selectivity profile of brigatinib over ALK has been shown to be due to the dimethyl phosphine oxide moiety only. The chemical features of brigatinib are responsible for its properties like expanded fluid solvency, diminished lipophilicity and decreased protein binding ([@b0110]).

4.2. Brigatinib activity against mutations in ALK {#s0030}
-------------------------------------------------

The resistance to ALK inhibitors is caused due to transformations in the ALK kinase area. [@b0325] investigated the resistance by an *in vitro* experiment in Ba/F3 cells having different convergences of ALK inhibitors. They showed that brigatinib in concentration of 500 nmol/L was sufficient to overcome the resistance to other ALK inhibitors. In a similar study ([@b0320]), cell lines containing all the mutagenic substances that can cause the ALK resistance were developed. It was noted that brigatinib was more powerful against the mutagenic variations than all the other ALK inhibitors such as alectinib, crizotinib etc. with MIC value of \<200 nmol/L. This drug also exhibited selectivity over other ALK mutant variants such as G1202R. The results of the study revealed brigatinib as the strongest ALK inhibitor that could effectively be used in all the ALK resistant cases where other ALK inhibitors are ineffective and thus could improve the life of patients suffering from NSCLC.

4.3. Brigatinib in pre-treated and resistant cases of crizotinib {#s0035}
----------------------------------------------------------------

Brigatinib is an orally active tyrosine kinase inhibitor (TKI) that represses ALK kinase with 12-times more noteworthy power than crizotinib ([@b0320]). It additionally inhibits ROS1 kinase and showed preclinical activity against several ALK mutations that underlie clinically-procured imperviousness to crizotinib. Multiple dosages of brigatinib (30--300 mg) evaluated in phase ½ of the clinical trial found an objective response rate (ORR) of 72% in the 71 enlisted patients with crizotinib-pretreated ALK-positive progressed NSCLC ([@b0070]). In any case, in view of the occurrence of pulmonary toxicity with higher beginning measurements of brigatinib, the dosages of 90 mg OD and 180 mg OD followed by a 7-day treatment at 90 mg were both chosen for additional testing in the "ALTA" stage 2 ([@b0020]). The "ALTA" trial included 222 ALK-positive NSCLCs pre-treated with crizotinib (n = 112 in the 90-mg group; n = 110 in the 180-mg group). Significantly, ORR was numerically higher in the 180-mg group, being 54% when compared with 45% in the 90 mg group. Similarly, median progression-free survival was 12.9 months versus 9.2 months, separately. Generally, this information was extremely convincing, and bolstered the utilization of brigatinib in the crizotinib-resistant case at the dose of 180 mg with 7-day lead-in at 90 mg. On this premise, brigatinib got FDA leap forward treatment assignment in October 2014 to treat the patients that were resistant to other ALK inhibitors. In the "ALTA" trial, brigatinib additionally demonstrated a pharmacological activity in the CNS in comparison to other second-generation ALK-TKIs, with an intra-cranial ORR of 67% in patients (n = 18) with quantifiable CNS metastases ([@b0020]).

4.4. Brigatinib combination with anti EGFR monoclonal antibody to overcome resistance to osimertinib {#s0040}
----------------------------------------------------------------------------------------------------

NSCLC is also induced due to mutation in the epidermal growth factor receptor (EGFR). The mutated EGFR accounts for about 60--70% cases of NSCLC ([@b0150]). EGFR mutated lung cancer in non-small cells can be cured with inhibitors that efficiently inhibit EGFR. These inhibitors produce their action by inhibiting the down signaling mechanism by binding with adenosine triphosphate (ATP) site of EGFR ([@b0075], [@b0165], [@b0190], [@b0185], [@b0065], [@b0330], [@b0220]). Many clinical trials have been conducted involving EGFR-TKI that are active or used to treat EGFR activating mutation- positive lung cancer patients ([@b0300], [@b0305], [@b0120]). The resistance against the first-generation EGFR-TKIs inhibitors is developed due to the gatekeeper mutations represented by the substitution of threonine with methionine at the position 790 (T790M) as well as the substitution of cysteine with serine at the position 797 (C797S) which both lead to hinder the binding of inhibitor at the ATP binding site ([@b0145], [@b0155], [@b0255]). Furthermore, [@b0050] also suggested that L844V, L718Q and C797S amino acid substitutions also account for 60--70% resistant cases ([@b0310], [@b0015]). So, to treat EGFR-mutated NSCLC patients resistant to first and second generation ALK inhibitors, the third generation ALK inhibitor showing specific action toward the T790M were developed ([@b0335], [@b0040], [@b0275]).

[@b0265] reported that a unique allosteric inhibitor can be used to treat resistance to osimertinib if administered with an EGFR antibody cetuximab. Finally, the combination of EGFR inhibitor brigatinib with anti EGFR antibody cetuximab showed a satisfactory result to treat EGFR-mutated cases in Xenograft bearing mice. Cetuximab also reduced the IC~50~ value of brigatinib.

5. ALTA-1L trial of brigatinib {#s0045}
==============================

The ALTA-1L trial was intended to assess the potency of brigatinib versus crizotinib in patients having NSCLC due to rearrangement in ALK. In stage 1/2 clinical trial, brigatinib showed promising clinical results, both systemically and in the cerebrum, in ALK + NSCLC patients, including those with earlier crizotinib therapy and those who were crizotinib-resistant. In view of the consequences of a continuous crucial randomized stage 2 trial investigating 2 regimens of brigatinib (90 and 180 mg OD daily followed by treatment with 90 mg in next week), exhibited generous adequacy in patients with crizotinib-safe ALK + NSCLC and a worthy safety profile.

5.1. Phase I {#s0050}
------------

The Phase I study was done in subjects suffering from lung cancer to achieve the essential goal of building up the dose of brigatinib that can be used in the further studies of phase II. The phase II heightening dose of the brigatinib extended from 30 to 300 mg day by day. Dosage constraining harmfulness observed at 240 and 300 mg day by day, and the prescribed phase II measurement was resolved to be 180 mg day by day. Due to the adverse effect in pulmonary area (happening inside initial week of treatment) at 180 mg, two extra regimens were evaluated: 90 mg once every day and 180 mg once day by day followed by a week in which 90 mg of brigatinib is administered day by day. Between September 2011 and July 2014, approx. 140 patients were studied within the two phases of clinical trials.

5.2. Phase II {#s0055}
-------------

In phase II there were five groups in which efficacy of brigatinib was determined by administering three different doses of brigatinib 90 mg, 180 mg and then a week with 90 mg OD. This study reported that 66% of subjects suffered from lung cancer showed improvement and 72% of patients that were already treated with the other ALK inhibitors showed good results. All the patients that were suffering from lung cancer due to genetic rearrangement in EGFR also showed the promising result with brigatinib. Brigatinib also proved successful in patients that were suffering from cerebral illness in addition to the lung cancer. The summary of five groups and their response to brigatinib is illustrated in the [Table 4](#t0020){ref-type="table"} ([@b0070]):Table 4Objective response rate (ORR) of five different cohorts treated with brigatinib.S. No.CohortCategory of patientObjective response rate1Cohort 1ALK-inhibitor-naïveORR of 100% (4/4)2Cohort 2Patients that were already with other ALK inhibitor such as crizotinibORR of 74% (31/42)3Cohort 3Egfr^t790m^0%4Cohort 4Patients that were suffering from other cancers in addition to lung cancerORR of 17% (3/18)5Cohort 5Pre-treated with crizotinibORR of 50% (3/6).

There are two dosage patterns that can be used to overcome the lung cancer in normal or in mutated cases. The patients that do not show any response to ALK inhibitors were used to receive brigatinib 90 mg OD and number of patients taken for study was found to be 12, also there were some patients who were administered 180 mg of brigatinib. There were 745 patients that were having treatment of cerebral illness and 66% of those patients were resistant to crizotinib. After completion of trial it was found that 42% of patients recovered from the lung cancer with 90 mg of brigatinib and 67% of patients with 180 mg of the drug ([@b0270], [@b0140]).

5.3. Results of phase ½ trial {#s0060}
-----------------------------

Results of phase ½ trial showed that brigatinib have anticancer activity in patients suffering from NSCLC caused due to genetic rearrangements in ALK. There was 71% response rate in patients that used brigatinib as first line therapy, 53% in patients suffering from cerebral illness. These results were seen due to dosage regimen that contained 90 mg or 180 mg of brigatinb OD ([@b0010]).

6. Chemistry of brigatinib {#s0065}
==========================

Phosphorus is abundantly present in the human body but it is occasionally found in structure of therapeutic agents. This element in comparison to sulphur, oxygen, and nitrogen is underutilized and its clinical usefulness has been limited to small number of phosphonic or bisphosponic acid based drugs, in fewer phosphate-containing prodrugs as well as in phosphonates and phosphinate compounds ([@b0240]).

Phosphorus atom if converted to different functionalities may help in designing of novel drugs with potent pharmacological actions. Rivera et al., in 2011 carried out dimethyl-phosphorylation of rapamycin at C43-OH which resulted in the discovery of a new drug molecule named as Ridaforolimus, a more stable mTOR inhibitor ([@b0215]). Recently, medicinal chemists have also explored phosphine oxide (P000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000O) bond by incorporating dimetylphosphine oxide \[(CH~3~)~2~PO; DMPO\] moiety as a hydrogen bond acceptor in drug design of kinase inhibitors which lead to the discovery of brigatinib. Presence of DMPO moiety in brigatinib structure increases its potency about 70 folds than other un-substituted analogs ([@b0205], [@b0045]). The PO bond is easy to synthesize and becomes inert after incorporation into a structure. It also does not show much redox chemistry in comparison to carbonyls and alcohols functional groups, and its capacity to act as an H-bond acceptor makes it an alternative choice to existing more regular H-bond acceptors like carbonyls and sulfones ([@b0160]).

Brigatinib due to the presence of DMPO is hydrophilic in nature and it also contains a basic amine side chains that help in increasing cellular potency ([@b0175]). The ALK-brigatinib binding complex shows that brigatinib binds to ALK in the ATP binding unit by adopting a U-shaped conformation. While the pyrimidine centre of brigatinib binds to the adenosine site, its methoxy group and DMPO aniline bind close to the hinge and DFG sites, separately. The power of brigatinib against ALK is attributed to the chemical substituents introduced on the bisanilino-pyrimidine scaffold. In addition, the DMPO moiety encourages intramolecular collaborations and settles the U-moulded adaptation of brigatinib through an O⋯NH hydrogen bond ([Fig. 5](#f0025){ref-type="fig"}). Following is the reported synthetic scheme for the synthesis of brigatinib ([Scheme 1](#f0030){ref-type="fig"}). The synthesis can be accomplished in the following steps:(1)2,4,5-Trichloropyrimidine **(1)** reacts with (2-aminophenyl)dimethyl-phosphine-oxide **(a)** in the presence of 54--72% of **(i)** K~2~CO~3~, NaH or LiHMDS, DMF at 65 °C to form 2-(2,5-Dichloropyrimidin-4-yl)amino)phenyl) dimethyl phosphine oxide **(2).**(2)2-(2,5-Dichloropyrimidin-4-yl)amino)phenyl)dimethylphosphineoxide**(2)** further reacts in the presence of 2-methoxy-4-(4-(4-Methylpiperazin-1-yl)piperidin-1-yl)aniline**(a)** and 48--86% of **(ii)** Pd(OAc)~2~, Xantphos, Cs~2~CO~3~, DMF at 110 °C to form 5-Chloro-4-N-(2-dimethylphosphorylphenyl)-2-N-\[2-methoxy-4-\[4-(4-methylpiperazin-1-yl)piperidin-1-yl\] phenyl\] pyrimidine-2,4-diamine i.e. Brigatinib **(3)**([@b0110], [@b0210], [@b0125]).Fig. 5Interaction of brigatinib with the ATP binding site of ALK (pdb:[5J7H](http://5J7H){#ir005}).Scheme 1Synthesis of brigatinib.

An economic alternative synthetic route for the industrial preparation of brigatinib is also reported in which the trichloropyrimidine ring was substituted with pyrimidine ring in the starting materials. The patent method for the synthesis involves following steps (i) synthesis of N-\[2-methoxy-4-\[4-(dimethylamino) piperidin-1-yl\] aniline\] guanidine starting from 2-methoxy-4-\[4-(dimethylamino) piperidin-1-yl\] aniline and cyanamide (ii) reaction of N-\[2-methoxy-4-\[4-(dimethylamino) piperidin-1-yl\] aniline\] guanidine and N-Methyl methacrylate or N,N dimethylformamide to obtain off solid compound namely N2-\[4-\[4-(dimethylamino)-1-piperidinyl\]-2-methoxyphenyl\] 1H) --pyrimidinone (iii) to the mixture of N2- \[4-\[4-(dimethylamino)-1-piperidinyl\]-2-methoxyphenyl\] amino-4 (1H) --pyrimidinone, benzotriazol-1-yloxytris (dimethylamino) phosphonium hexafluorophosphate and acetonitrile, Diazabicyclo \[5.4.0\] -undec-7-ene (DBU) was added drop wise and on usual workup N2-\[4-\[4-(dimethylamino)-1-piperidinyl\]-2-methoxyphenyl\]-N4-\[2-(dimethylphosphono) phenyl\]-2,4-pyrimidinediamine is obtained (iv) the N2- \[4-\[4-(dimethylamino)-1-piperidinyl\]-2-methoxyphenyl\]-N4-\[2-(dimethylphosphono) phenyl\]-2,4-pyrimidinediamine with a chlorinating agent in the presence of a base furnishes brigatinib ([@b0200])

7. Pharmacology of brigatinib {#s0070}
=============================

Brigatinib shows its activity against lung cancer by inhibiting the ALK, insulin growth factor receptor-1, EGFR and other kinases such as CD135 also called fem like tyrosine kinase-3 (FLT3). It primarily inhibits attachment of phosphate group to the ALK and thereby stops the phosphorylation of other proteins that are involved in the lung cancer ([@b0170]). Various studies on mice revealed that in addition to these activities brigatinib also inhibits the growth of various cell lines and prevents the formation of fused gene of Nucleophosmin and ALK ([@b0170]). The various mutants such as G1202R, L1196M were also inhibited by the brigatinib. Brigatinib can also improve the life of the patient suffering from cerebral illness in addition to lung cancer. The concentration of brigatinib that is used to hinder the potency of cells to cause cancer and activity against the cases that are resistant to other ALK inhibitors was found to be \<500 nM ([@b0095]). Though, brigatinib is comparatively a safer drug but ≥10% of all patients receiving approved dose of it showed some common side effects including increased blood glucose (43%), nausea (40%), diarrhoea (38%), cough (30%), headache (27%) etc. Some of the less common toxic effects observed in \<10% patients of all grades include hypertension (6%), pneumonia (5%), interstitial lung disease/pneumonitis (9.1%) and visual disturbances (7.3%) ([@b0180], [@b0225], [@b0070]).

8. Pharmacokinetic profile {#s0075}
==========================

The geometric mean concentration (CV%) and steady-state maximum concentration (C~max~) of 552 ng/ml and 452 ng/ml were observed at the dose of 90 and 180 mg OD of brigatinib, respectively, and the related AUC was 8165 (57%) ng∙h/mL and 20,276 (56%) ng∙h/mL. After the repetitive exposure to the dose of brigatinb, the concentration of accumulated brigatinib within the body was found to be 1.9--2.4 ([@b0005]).

8.1. Absorption {#s0080}
---------------

After oral administration of a single dose, 30--240 mg of brigatinib, the median time peak concentration (T~max~) was observed to be 1--4 h ([@b0005]).

8.2. Distribution {#s0085}
-----------------

Brigatinib has high affinity toward the proteins present in plasma of human and 66% of it gets attached to the proteins. The ratio of blood-plasma concentration was found to be 0.69. After 180 mg once daily oral administration of brigatinib, the mean apparent volume of distribution (V~z~/F) at a steady rate was 153 L ([@b0005]).

8.3. Metabolism {#s0090}
---------------

Brigatinib is mainly metabolised by two cytochrome enzymes such as CYP2C8 and CYP3A4 *in vitro*. After single oral administration of 180 mg, brigatinib is metabolised by two major metabolic pathways *N*-demethylation and cysteine conjugation. About 3.5% of brigatinib gets metabolised to its primary metabolite and 92% remain unchanged. The metabolite of brigatinib is less potent than brigatinib and binds to ALK with fewer efficacies ([@b0005]).

8.4. Excretion {#s0095}
--------------

After 180 mg of oral administration of brigatinib, 65% of administered dose can be recovered from faeces and 25% can be recovered from urine. The concentration of unchanged form of brigatinib in faeces and urine was found to be 41% and 86%, respectively. At steady state, the mean apparent oral clearance and mean plasma elimination half-life was 12.7 L/h and 25 h respectively ([@b0005]).

8.5. Drug and food interactions with brigatinib {#s0100}
-----------------------------------------------

Administration of food exerts a considerable effect on the steady state maximum concentration (C~max~) of brigatinib. The C~max~ was reduced to be about 13% by administered brigatinib after high fat meal compared to C~max~ after overnight fasting ([@b0130]). The presence of fatty meal does not have any effect on AUC, therefore, brigatinib can be taken with or without food. However, grape fruit can increase the blood levels of brigatinib and may lead to an increase in side effects such as nausea, vomiting, diarrhoea, hypertension, visual disturbances etc. Therefore, patients on brigatinib therapy should avoid consumption of grape fruit or its juice. Moreover, there are some drugs that may negatively affect brigatinib metabolism such as:(a)**Gemfibrozil:** Administration of about 600 mg BD of gemfibrozil with 90 mg OD dose of brigatinib results in decrease of C~max~ of brigatinib to about 41% and AUC by 12% ([@b0130]).(b)**Rifampin** In comparison to administration of 180 mg dose of brigatinib alone, co-administration of brigatinib with a strong CYP3A inducer such as rifampin 600 mg twice daily result in decrease in plasma concentration of brigatinib about 60% and AUC about 80% ([@b0130])

8.6. Effect of hepatic impairment {#s0105}
---------------------------------

After a population pharmacokinetic analysis in which brigatinib is administered to 49 patients with mild hepatic impairment and 377 patients with normal hepatic function, it was observed that, brigatinib is mainly eliminated by liver and hepatic impairment result in an increase in plasma concentration of brigatinib ([@b0140]).

8.7. Effect of renal impairment {#s0110}
-------------------------------

To check the effect of renal impairment on pharmacokinetic profile of brigatinib, a study was carried out involving 125 subjects with very less renal dysfunction, 34 subjects with moderate renal impairment and 270 subjects with normal renal function. Based on this study results, authors concluded that renal impairment has no major effect and there is no need to adjust the dose of brigatinib in patients having kidney dysfunction because it has no effect on the pharmacokinetic profile of brigatinb as it is mainly eliminated by the liver ([@b0130]).

9. Drug combination therapy with brigatinib {#s0115}
===========================================

Combination therapy has been studied and considered as an attractive approach in oncology and proved successful in the treatment of cancer. Drug combinations have the potential to improve therapeutic efficacy, reduce development of drug resistance and lower the incidence of side effects resulting from the individual use of anticancer agents. The use of drug combination therapy with lung cancer has been proven effective ([@b0295]). One successful example of combination is brigatinib with itraconazole. In comparison to the administration of 90 mg dose of brigatinib alone, co-administration of brigatinib with itraconazole 200 mg twice daily, a strong CYP3A inhibitor, result in increase in plasma concentration of brigatinib about 21% and AUC about 101%. It is because brigatinib is majorly metabolised to its primary metabolite with the help of CYP3A enzyme ([@b0130]).

10. Pharmacodynamics of brigatinib {#s0120}
==================================

Brigatinib shows its action by inhibiting attachment of phosphate group to the ALK and results in inhibition of proteins such as STAT3, AKT, ERK1/2, and S6 both *in vitro* and *in vivo* ([@b0125]). According to *in vitro* kinase assays, brigatinib proved potent against ALK with inhibitory concentration-50 value of 0.6 nmol/L including the mutant variants C1156Y (0.6 nmol/L) and R1275Q (6.6 nmol/L). Brigatinib causes inhibition of CD135, mutant variants of FLT3 (D835Y) and epidermal growth factor receptor (L858R; IC~50~ 1.5--2.1 nmol/L) and to a lesser extent EGFR with a T790M resistance mutation (L858R/T790M), native EGFR, IGF-R1, and INSR (IC~50~ values 29--160 nmol/L). Brigatinib hindered development of different anaplastic extensive cell lymphoma (ALCL) and NSCLC cell lines expressing fused gene combinations of nucleophosmin and ALK \[growth inhibition of half of cells (GI~50~) 4--31 nmol/L\]; the ALK phosphorylation IC~50~ of the medication in these cell lines was 1.5--12 nmol/L. Brigatinib effectively inhibits the mutated receptors that stops to respond to other ALK inhibitors such as crizotinib, alectinib and ceritinib. It is more potent than crizotinib by 2.2-to 77-crease and three times more potent than the inhibitor ceritinib. It effectively inhibits the mutants like L1152R and V1180L and represses the tumour development in ALK positive lung cancer ([@b0130]).

11. Conclusion and future directions {#s0125}
====================================

Brigatinib is a novel molecule that is quite effective in the treatment of NSCLC and in certain resistant cases where other ALK inhibitors are ineffective. The potent anti-cancer activity of brigatinib is attributed to its chemical structure which contains various functionalities along with Phosphorus atom that binds to target protein. However, incidents of pulmonary toxicity in some patients have been reported which may be life threatening. Therefore, more research should be carried out on a priority basis to identify the group of patients who are at risk to overcome this side effect of brigatinib and to improve its safety spectrum. This can be approached in different ways: (1) design, synthesise and evaluate new derivatives and analogues of brigatinib to improve its selectivity against all mutant variants of ALK causing lung cancer, and (2) the use of brigatinib in combination with anti-cancer natural products/herbal drugs to assess their efficacy and safety in the treatment of lung cancer.

A currently ongoing phase II trial of brigatinib in patients previously treated with 2^nd^ generation ALK inhibitors will further establish its role in overcoming the resistance to these inhibitors.
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